c Seismic DESIGN CRITERIA ¢ JUNE 2006 ¢ VERSION 1.4
frans

TABLE OF CONTENTS

1. INTRODUCTION

1.1 Definition of an Ordinary Standard Brid@e ..........ccocerieriiiiiiiiniiniiiieeecec ettt 1-1
1.2 Types of Components Addressed in the SDC .......c..cociiiiiiiiiiiiiniete et 1-2
1.3 BIIAZE SYSTEIMS ...ttt ettt et et e e b et b et e bt et eat e s bt e st e s bt embe s bt esbesbt e besenenbeeaeenbeentenne 1-2
1.4 Local and Global BERAVIOT .......cc.ccueiiiiiiiiiiiiiiieeeccee et s 1-3

2. DEMANDS ON STRUCTURE COMPONENTS

2.1 Ground Motion RePreSentation ..........coeevierierieiienienieierit ettt ettt st sttt st st e sane b eanesbeeneeene 2-1
2.1.1  SPECLral ACCEIETALION ...eueveniiiiieiieiieiteeteet ettt ettt ettt e e bt et b et ebt et e bt e bt e bt e bt eaeesbeemaenaes 2-1
2.1.2  Horizontal Ground MOIOM .......c.ccciririiiiiriiniiieieiee ettt sttt et sae s 2-1
2.1.3  Vertical Ground MOTION ........ccocciiiiiiiiiiiiiiiineseseeeeee ettt st s 2-2
2.1.4  Vertical/Horizontal Load CombINAtION ........ccceceruiriirienienieiiieieieieteteteese et 2-2
2,15 DAIMPING ettt ettt et e b et sttt h bt h e bbb e b e e a e bt ea e h e e a bt b et e be et eaeenbeenaenaes 2-2

2.2 Displacement DemMand ...........cocueoeeiiriiniiiiiniiteeete ettt sttt sttt sttt ettt ettt et nae e 2-3
2.2.1  Estimated DISPIACEMENL ......cocuertiriiriiriiriieiiri ettt ettt ettt ettt et s bt et ebt et saeesaeemaenaes 2-3
2.2.2  Global Structure Displacement and Local Member Displacement ...........cccccoeecveneevieneeneneenenneenene 2-4
2.2.3  Displacement Ductility Demand ...........cccccoerieriiriiniiiiniiienceteneeeeees ettt 2-4
2.2.4  Target Displacement Ductility Demand ...........ccccoceviriiniiiiniiiiniiienneeeeseeeeeee et 2-4

2.3 FOIce DEMANA .......cooiiiiiiiiiiiiieieictc ettt et sttt et st 2-8
23,1 Moment Demand .......c.ccooeiiiiiiiiiiiiiiecetee et s s eee 2-8
232 Shear DEemand .........ccccocouiiiiiiiiiiiiiiee ettt st s eae 2-8

2.3.2.1 Column Shear Demand ........cc.cccouioiiiiiiiiiiiiiiiicncee ettt s 2-8
2.3.2.2 Pier Wall Shear Demand .........cccceovioiiiiieiiiiiiiieneseteeeeet ettt s st 2-8
2.3.3  Shear Demand for Capacity Protected MEemDETS ..........cccceeviiriiniiriinieniiienieiceteieeteeet et 2-8

Seismic DESIGN CRITERIA I




c TABLE oF CONTENTS

frans

3. CAPACITIES OF STRUCTURE COMPONENTS

3.1 Displacement Capacity of Ductile Concrete MEemDETS ...........coceecirieniirieiiiiieienieeeeeeeeee e 3-1
3.1.1  Ductile Member DefinItiOn ........cccccoieiiioiiriiiniiiiniee ettt 3-1
3.1.2  Distinction Between Local Member Capacity & Global Structure System Capacity ..........ccccceceeueeee. 3-1
3.1.3  Local Member Displacement CAPACILY ........ccceecuerieruirieriirienienieieeiene ettt eee s ene e ae e e 3-1
3.1.4  Local Member Displacement Ductility Capacity ..........ccccecerieririeninienenieieneeieeeeeeeesre e 3-3

3.1.4.1 Minimum Local Displacement Ductility Capacity ........ccccceceereriieririienieniiinieieeeeie e 3-3

3.2 Material Properties for Concrete COMPONENLS .........ccuievieriieriiriierierieieneete st sttt e e oo sae e nnee 3-5
3.2.1  Expected Material PrOPEITIES .......c.cocueiiiiiiiiiiiiiieieieeeteeescee ettt e 3-5
3.2.2  Nonlinear Reinforcing Steel Models for Ductile Reinforced Concrete Members .............ccccecuveueennenee. 3-5
3.2.3  Reinforcing Steel A706/A706M (Grade 60/Grade 400) ......ccceeveerieriiinienieenieeieerteeeeeee e 3-5
3.2.4  Nonlinear Prestressing Steel MOdel ..........ccooiiiiiiiiiiiiiiececeeeee e e 3-6
3.2.5 Nonlinear Concrete Models for Ductile Reinforced Concrete Members .............cocceceeieviinieniieceenncnne. 3-8
3.2.6  Normal Weight Portland Cement Concrete PrOPerties .........c..cccccoeevieririienieiiinieniieeeieeeesieeeeeeeee e 3-8
3.2.77  Other Material PIOPETTIES ........coccoviiiiiiiiiiiiiieieiieeett ettt st e 39

3.3 Plastic Moment Capacity for Ductile Concrete MembeTs ............cccoeevieriiiiiinieiiinieiieeeeeeie e 39
3.3.1  Moment Curvature (M-0) ANALYSIS .....eeeriruirierieriinteienieteteteteeet ettt st se et e et et eneebeenes 39

3.4 Requirements for Capacity Protected COMPONENLS .........cccceoiriirieiiiniiiiinieeieneeie et 3-10

3.5 Minimum Lateral Strength ..o e e s 3-10

3.6 Seismic Shear Design for Ductile Concrete MEmDETS ..........ccccoeeviiiiiiiiniiiiinieieeeeeeereeee e 3-11
3.6.1  Nominal Shear CapaCILy .......ccccocieiiiiiiiiiriiiiee ettt e e e s e st sae e s ne s 3-11
3.6.2  Concrete Shear CAPACILY .....ccceveeeririeriieieiieeeete ettt sttt et e as e re e saeesae st enesaeesnesanennens 3-11
3.6.3  Shear Reinforcement CAPACILY .......cccecuirieriirieniiiienieeeereeteee ettt ne s 3-12
3.0.4  DLEIOA ... e st 3-12
3.6.5 Maximum and Minimum Shear Reinforcement Requirements for Columns...........c.ccccceeeevirennnee. 3-13

3.6.5.1 Maximum Shear ReINfOrCEMENt ...........ccooiiiiiiiiiiiiiiiiiiceeeeee e e 3-13
3.6.5.2 Minimum Shear ReinfOrcement ...........c..ocooiiriiniiiiiiiiiiiieieneeeeece e e 3-13
3.6.5.3 Minimum Vertical Reinforcement in Interlocking Portion ...........c.ccceceeiiiiniininiennnencnienne 3-13
3.6.6  Shear Capacity Of Pier WallS .......cccooiiiiiiiiiiiiiiee ettt s 3-13
3.6.6.1 Shear Capacity in the Weak DIr€Ction ...........cccoeieriiriiiniiiiieninieieieeeeeeee e e 3-13
3.6.6.2 Shear Capacity in the Strong DIrCtiON ...........ccccoiriieriiiiieniriienieieeeee et 3-13
3.6.7  Shear Capacity of Capacity Protected MemDbETS ...........c.ccoiriiiiiiiiiiiiiiiiieiceceeeeee e 3-14

3.7 Maximum and Minimum Longitudinal Reinforcement .............c.ccccociiiiiiniininiininiiccceeeeeeeene 3-14

3.7.1  Maximum Longitudinal Reinforcement ..............ccocoiiiiiiiiiiiniiiiiceeeceeeeee e 3-14

II Seismic DESIGN CRITERIA




c Seismic DESIGN CRrITERIA ¢ JUNE 2006 ¢ VERSION 1.4
frans

3.7.2  Minimum Longitudinal ReinfOrcement ...........c.ccocooieiiiiiiiiiiiiiiiieieceeeeeeeseeee e 3-14
3.7.3  Maximum Reinforcement Ratio.........cc.oociiiiiiiiiiiiniiiiicceceece e e 3-14
3.8 Lateral Reinforcement of Ductile MEMDETS .......ccccocoeiiiiiiniiiiiniiieicieceee e 3-14
3.8.1  Lateral Reinforcement Inside the Analytical Plastic Hinge Length ..........cccoccooiiiiiiniininiinnn. 3-14
3.8.2  Lateral Column Reinforcement Inside the Plastic Hinge Region ..........c.ccccoeieviniiiiniincniencnenen. 3-15
3.8.3  Lateral Column Reinforcement Outside the Plastic Hinge Region ..........ccccocoviniiiiniiinninnnenn. 3-15
3.8.4  Lateral Reinforcement of Pier Walls .........ccccccoiiiiiiiiiiiiiicceceee e 3-15
3.8.5  Lateral Reinforcement Requirements for Columns Supported on Type II Pile Shafts ....................... 3-15
3.8.6  Lateral Confinement for Type II Pile Shafts ........c.coccooiiiiiiiiiiie e 3-15

4. DEMAND VS. CAPACITY

4.1 Performance CIITEIIA .......c..cocueiuiiiiiieieeiieieee ettt ettt s et s e st e e s et e e e s et eaesaeesnesaeesnesanennens 4-1
4.1.1  Global Displacement CIiteria ........ccccecuertirieruieiieriieieniieie ettt ettt et enesaeenesaeesnesreenesanennens 4-1
4.1.2  Demand DUCHIILY CIITETIA .....ccueeiiruiiiieietiiienit ettt sttt ettt et et eesaeene s e ene s e esnesaeens 4-1
4.1.3  Capacity DUCHIILY CIILEIIA ....cceecuiriiiiiiiiiiienieeiere ettt ettt et e e st s sae e s ene s e eanesaeeas 4-1

4.2 P-AELTECLS .ottt e et a e e a e saeene s s 4-3

4.3 Component OVerstrength FACIOTS .......cc.oociiiiiiiiiiiiiiie ettt s s 4-3
4.3.1  Column OVerstrength FACIOL .........ccoiiiiiiiiiiiiiiei ettt st 4-3
4.3.2  Superstructure/Bent Cap Demand & Capacity .........c.ccocereevieririiinieiiinieiieeeie e 4-4

4.3.2.1 Longitudinal Superstructure CapaCILY ..........ccccoiereririierieienieieeeete ettt ne st saeeas 4-5
4.3.2.2 Bent Cap CaPACILY ..c.eoviiiiieiieiieiieieeeete ettt ettt et et sreene s snesan e 4-5
4.3.3  Foundation CaAPACILY ...c..cocueruiriieriieiiniietieiete ettt ettt st ettt st eaee st eeee s st esnesaeenesaeenesanennens 4-6

S. ANALYSIS

5.1 Analysis REQUITEIMEILS .....cc.coouiiiiiiiiiiiieie ettt ettt et st s st s besan e e e beeanesneenneene 5-1
5.1.1  ANALYSIS ODBJECTIVE ettt ettt st e st st s st en e esaeeee 5-1
5.2 Analytical MEthOMS .......ocuiiiiiiiiie ettt ettt st s e s 5-1
5.2.1  Equivalent Static Analysis (ESA) ..ottt 5-1
5.2.2  Elastic Dynamic Analysis (EDA) ....c.ccoiiiiiiiiiieeeeeeee ettt 5-1
5.2.3  Inelastic Static ANALYSIS (ISA) .eeuiiiiiiiiiitete ettt ettt st e sb e st et e st e sbeesaee s 5-2
5.3 Structural System “GIobal” ANALYSIS .......cccuerieriiriiiieieieieie ettt sttt ae e 5-2

Seismic DESIGN CRITERIA 111




c TABLE oF CONTENTS

frans

5.4 Stand-Alone “Local” ANALYSIS ....cc.cociriiiiiiieiiiieeeeeeetete ettt ettt st s s n et 5-3
5.4.1  Transverse Stand-Alone ANALYSIS .......ccocerieriiiiiiiiiiienieteteeee ettt 5-3
5.4.2  Longitudinal Stand-Alone ANALYSIS ........ccccceiviiriiriieniieieiieieeeie ettt 5-4

5.5 SimPlFIEd ANALYSIS ...oouiiiioiiiieieeeeee ettt et e st st s s e n et sreenneene 5-4

5.6 Effective SECtion PrOPEITIES ........ccccooiiriiiiiiiiiiiieieeeecese ettt ettt saeeneene 5-5
5.6.1  Effective Section Properties for Seismic ANalysis .........cccceoirieriiiiininiiniieneeieneeieseere e 5-5

5.6.1.1 L pfor DUCtile MEMDETS ......cooiiiiiiiiiieiciccce et 5-5
5.6.1.2 I for Box Girder SUPETSIIUCLUTES .......ccooviiiviiiiiiiitiiieietce ettt 5-5
5.6.1.3 I for Other Superstructure TYPES .......ccoovoviiiiiiiiiiiiiic s 5-5

5.6.2  Effective Torsional Moment Of INETtia .........ccccevieiiiiiiniiiiiiniiicecee e e 5-7
5.7 Effective Member Properties for Non-Seismic Loading ...........ccccocieiiiiiiiiniiiiniiiinieeneeeneeeeeeeeeeeene 5-7

6. SEISMICITY AND FOUNDATION PERFORMANCE

6.1 STLE ASSESSITIEIIL ...eeuvieiiieiiietie et et te et e st e et esbt e et e e s hte s bt esbtesabeesbteeabeesbaeeab e e beesabeenbtesa bt esbbeeaseenbbesnbeenbeesabeenaaenate 6-1
6.1.1  Seismicity and Foundation Data ............c..ccceiiiiiiiiiiiiiiiiceieee e 6-1
0.1.2  ARS CUIVES ..ttt ettt ettt ettt e s bt et e s bt e s bt e s atesab e e sbbeeab e e b e e sabeebeesabeebeenatean 6-1

6.1.2.1  Standard ARS CUIVES .....oouiiiiiiiiiiiie ettt ettt sttt sttt s bt e s bt e s bt e bt e sabe e st e sabeesabesareens 6-1
6.1.2.2  Site SPecific ARS CUIVES .....oouiiiiiiiiiiieieiteeee ettt st st ne e 6-2

6.2 Foundation DESIZI ........couieiiiiiiiiiieiiiee ettt ettt et e st st st e n et e sreenneene 6-2
6.2.1  Foundation PerfOrmManCe ...........coceeriiiiiiniiiiiiiieeeet ettt sttt ettt e naees 6-2
6.2.2  SOIL ClaSSTICALION ...evuveiiiieiieitiieieeee ettt ettt ettt e e s bt e e bt e s bt e s bt e s at e s beesabeeabeesbaeenseenees 6-2
6.2.2(A)  COMPELENE SO ..euviiiiiiiieiiieteee ettt ettt e st e e bt e sat e e bt e sab e e bt e sabesbeesbaeenbeennees 6-3
60.2.2(B)  POOT SO0l ..t st e 6-3
6.2.2(C)  Marginal SOIl .....ccoooiiiiiiiiiiii e e st 6-3
6.2.3  Foundation Design CIIteria ......c..cccceriiiiiriiiiiiieienieieeeete ettt ettt sne e 6-4

6.2.3.1 Foundation SrEN@th .........cccoiiiiiiiiiiiiieee ettt 6-4
6.2.3.2 Foundation FIEXIDIIITY ......cc.coiiiiiiiiiiiiiiiiieee ettt 6-4

IV Seismic DESIGN CRITERIA




c Seismic DESIGN CRrITERIA ¢ JUNE 2006 ¢ VERSION 1.4
frans

7. DESIGN
Tl Frame DESIZN ..ceeuviiiieiiiiieeee ettt et et b e st e bt st e s bt e ea bt e s b e e s ab e e bt e s ab e e bt e sab e e bt e sate e beeeabesabes 7-1
7.1.1  Balanced SHFINESS ...cc..oouieiiiiiiie ettt sttt et 7-1
7.1.2  Balanced Frame GEOMELIY ........ccccoceeruiiieriiiieieeeeieeiete ettt sttt st st s e esaeeee 7-2
7.1.3  Adjusting Dynamic CharacCteriStiCs ........c.uevuiririuirieniinietieieie ettt ettt ere e e s e sanereenesreenneene 7-2
7.1.4  End Span ConSidETatiONS .........c.ccccireerierieniirienieeeenieeteste ettt eeeereeseseeesaesseesaesnesseenesseeanesseesnesseenneene 7-2
7.2 SUPEISITUCTULE ....outieutiiieitiiiete ettt et et ettt et et e e st e e s bt e s e e st e e e s st esaeeaeesnesaee st eaeennesanenneeanenneennenseennenneenne 7-4
T 2.1 GIIAETS ..t ettt et a e et e st s et e st s ae e st e an e n e e e he e n et e eeneenneene 7-4
7.2.1.1 Effective Superstructure Width ...........cocooiiiiiiiiiiiieeeee e 7-4
7.2.2  Vertical ACCEIETALION ......cc.couiiiiiiiiiiiiieie ettt et st st s nesneenneene 7-4
723 Pre-CastGITAETS ...c..cocuiiiiiiiieiieieeee ettt ettt sttt st et s e et ae e 7-6
T 2.4 SIAD BIIAZES .euveiieiiiieiieeet ettt ettt st st st et et e ne e ene 7-6
T.2.5  HINEZES oo ettt st a e st a e e e h e e st ene et ene 7-6
7.2.5.1 Longitudinal Hinge Performance ............coccooeiiiiiiiiiiiiniiinieiesieeeeeee e 7-6
7.2.5.2 Transverse Hinge Performance ............coccooiiiiiiiiiiieiinieieeccrceee et 7-6
7.2.5.3 Frames Meeting the Requirements of Section 7.1.2 .........cccociiiiiiniiiinieniiieneeeeeeeeeeeeee 7-6
7.2.5.4 Hinge Seat Width for Frames Meeting the Requirements of Section 7.1.2 ........cccccoceeiiniininiennnns 7-7
7.2.5.5 Frames Not Meeting the Requirements of Section 7.1.2 .........cccooiiiiniiiinionineeeeeeees 7-8
7.2.6  HINGE RESIIAINETS ....euiiniieiiiiieiiiiieiercee ettt ettt st st ea e st s e e s sane s e esnesneennene 7-8
7277 Pipe Seat EXIENAETS ....c..oocviiiiiiiiiiiiiieienteteee ettt et st e st st neeae 7-9
7.2.8  EQUAlZING BOLLS ..c.oooiiiiieiiiiiiec et st s s 7-9
T3 BENE CAPS .ottt a e et et et st ae et n e e n e e aaen e et eanenaeeane 7-9
7.3.1  Integral BeNt CapS ..c..coceouieiiiiiieie ettt sttt e st sttt e 7-9
7.3.1.1 Effective Bent Cap WIdth ........ccooiiiiiiiiiiieee et 7-9
7.3.2  Non-Integral BENt CapS .....c..cocirieriiiiiiiiieieee ettt ettt st eae e e sae e e 7-10
7.3.2.1 Minimum Bent Cap Seat Width ..........ccccooiiiiiiiiiiiie e 7-10
T.3.3 DELEIEA ... st sttt st ne e 7-10
7.3.4  Bent Cap Depth ...c..ooooiii e e e e 7-10
7.4 Superstructure JOINt DESIZI .....cc.ioiiriiiiiiiiiiieeeeeee ettt st e a e e e 7-10
T7.4.1  JOINE PErfOIMANCE ....c.ooouiiiiiiiiiiiieiiciec ettt sttt n e e sae e 7-10
7.4.2  JOINt PTOPOTTIONING ....couviiiiiiiiiiiieieteeteee ettt ettt et sttt st en e s eneeaeesaeennenaee 7-10
7.4.2.1 Minimum Bent Cap Width ..ot 7-11
743 JOINE DESCIIPLION ...ttt ettt ettt et et et et e s sn e eae et eaeesaeennenaee 7-11
T7.4.4 T JoInt Shear DESIZI ...c.oocuiiiiiiiiiiiiiieeetee ettt ettt st en e e sae e e 7-11

Seismic DESIGN CRITERIA \%




c TABLE oF CONTENTS

frans

7.4.4.1 Principal Stress Definition .......ccccouiiiiiiiiiiiiiiiieeeeeeeeeee ettt s 7-11
7.4.4.2 Minimum Joint Shear Reinforcement .............co.coooiiiiiiiiiiiiniinieceee e 7-12
7.4.4.3 Joint Shear ReINfOrCemMEeNt .......c.ccouiiiiiiiiiiiiiieiceieeeeeeee et s e s 7-13
TAS5  KNEE JOINES ..ottt et ettt et et e st st s e n e h e et n e e eaee 7-14
T.5 BEATIIEZS oottt et et ettt et e a e a e s a e s a e h et e a ettt e a e e e saeennenaee 7-18
7.5.1  Elastomeric BEATINGS ......cc.cocieviiiiiriiiiiiiiiecieeet ettt ettt sttt e 7-18
7.5.2  SHAING BEATINEZS ..c.veeuiiiieiiiieiiieee ettt et et sae e st e ne s e eeaeeneeaeesaeennenaee 7-18
7.6 Columns & PIer WS .......ccoooiiiiiiiie ettt e 7-18
7.6.1  Column DIMENSIONS ...c.cocuiriieiiiiieiiiieieeteeet ettt ettt ettt ne st e s e s e esneeaeeneeaeesaeennenaes 7-18
7.6.2  Analytical Plastic Hinge Length ..ot 7-18
7.6.3  Plastic HINZE REZION .....cocoiiiiiiiiiiiiie ettt e e 7-19
7.6.4  Multi-Column Bents .......cccoieiiiiiiiiiiiiiieee ettt ettt e e 7-19
7.6.5  COIUMN FIATES .....ooiiiiiiiiiiiiiei ettt ettt st st s s s e a e e e sae e e 7-19
7.6.5.1 Horizontally Isolated Column FIares ...........cccoccooiiiiiiiiiiiniiiiicieec e 7-19
7.6.5.2 Lightly Reinforced Column FIares ..........c.cccoccooiiiiiiniiiiiiiinieieeeeeeeteeeee e 7-20
7.6.5.3 Flare ReINFOICEMENT ......c..oouiiiiiiiiiiieii ettt et s st s s 7-20
T.0.6  PIeT WAALLS ..ottt et st a e et 7-20
7.6.7  Column Key DESIZN ....c..ooeiriiiiiiiiiiiieeeeee ettt et ne e 7-20
TT FOUNAATIONS ...ttt ettt ettt e a e e e a e e s et e ne s ae e s e sasesseeuse st eneesaeennesaeennenaee 7-21
TT.1 FOOUNZ DESIZN ..euviiiiiiiiiiieiite ettt ettt s bttt et s bt e st e st e sbbe s bt e s bteeabeesbaesabeesanenane 7-21
7.7.1.1 Pile Foundations in Competent SOIl ........c..cocoiiiiiiiiiiiiieiiieieeereeeee e 7-21
7.7.1.2 Pile Foundations in Marginal SOil ..........ccoccooiiiiiiiiiiiiiceeecee e e 7-23
T 121 Lateral DESIZI ....oeuveiiiiiiieieiieie ettt ettt st s s s 7-23
7.7.1.2.2 Lateral Capacity of Fixed Head Piles ...........ccccocoiiiiiiiiiiiniiiicceccece e 7-24
7.7.1.2.3 Passive Earth Resistance for Pile Caps in Marginal Soil .........c..ccccooveiiniiiinininnininen. 7-24
7.7.1.3 Rigid FOOtNG RESPOMSE .....cocviruiiiiiiiiiiiiieiiieceeeee ettt et st e s 7-24
7.7.1.4 Footing JOINt SREAT .......ociiiiiiiiiiiiie ettt ettt st s 7-24
7.7.1.5 Effective Footing Width for FIEXUIE ........cc.cociiiiiiiiiiiiiiiiiceceee e 7-26
7.7.1.6 Effects of Large Capacity Piles on Footing Design ..........ccccceevieriiiiiniiiinieiiieceeeceeeeeeene 7-26
7.7.1.7 Use of "T" Headed Stirrups and Bars in FOOtNGZS .......c.ccccociviiiiiniiiiniiiiccceeeeeeeene 7-26
7.7.2  Pier Wall Pile FOUNAAtIONS .......c..ccoiiiiiiiiiiiiiiiieiceeece ettt 7-26
7.7.2.1 Pier Wall Spread Footing FOUNdations ...........ccccocueiiriiiiiniiniinieieeceeeeseeee e e 7-27
TT.3 PLle ShAES oottt et e 7-27
7.7.3.1 Shear Demand on Type I Pile Shafts.........c..cocooiiiiiiiiiiieeceee e 7-27

VI Seismic DESIGN CRITERIA




c Seismic DESIGN CRrITERIA ¢ JUNE 2006 ¢ VERSION 1.4
frans

7.7.3.2 Flexure Demand/Capacity Requirements for Type II Pile Shafts ..........cccoccooiiiininiinnninnnnnn. 7-27
7.7.3.3 Pile Shaft DIAMELET ....c..cocviiiiiieiieiieieie ettt sttt ettt 7-27
7.7.3.4 Minimum Pile Shaft Length ...t 7-28
7.7.3.5 Enlarged Pile Shafts ......cccoioiiiii e 7-28

774 Pile EXIENSIONS ...oociiiiiiiiiiitieienieetesteete sttt ettt ettt e st e s st eae s e e b e een e bt easesaeesneeneesneeneesneennenaes 7-28
T8 ADULIIMEILS ...ouniiiiiiiiiieiietee ettt ettt ettt et st et e a e e h e e h et e ettt e ea e e e naeennenaee 7-28
7.8.1  Longitudinal Abutment RESPONSE .........cocueviiriiiiiriiiiiiieicicreee ettt 7-28
7.8.2  Transverse Abutment RESPONSE ........ccoouiiiiiiiiiiiiiiiiieiieee et 7-31
7.8.3  Abutment Seat WIdth ........ccccooiiiiiiiiiiie e e e 7-31
7.8.4  Abutment Shear Key DESIZI ........coiiiiiiiiiiiiiiiiieieece ettt 7-32

8. SEISMIC DETAILING
8.1  Splices in ReINFOICING STEEL.......co.coiiiiiiiiiiiiiiice ettt e 8-1
8.1.1  No Splice Regions in Ductile COMPONENLS ........ccceeruiriiriiriieniiiieieeteeeese ettt 8-1

8.1.2  Reinforcement Spliced in Ductile Components & Components Expected to Accept Damage ... ...... 8§-1

8.1.3  Reinforcement Spliced in Capacity Protected MemDbErS ..........ccccoceeviirieiiinieiiiniiiieiceeece e 8-1
8.1.4  Hoop and Spiral Reinforcement SPLICES ..........ccieieriiriiriiiiinieeeeeeeeeeere et 8-1
8.2 Development of Longitudinal Column Reinforcement ............c..cocooiiiiiiiiiiininiiniiiecneceeeeeeeenens 8-1
8.2.1  Minimum Development Length of Reinforcing Steel for Seismic Loads ..........ccccoeveeeiiiiininiinnnnne. 8-2
8.2.2  Anchorage of Bundled Bars in Ductile COMPONENLS .......c..coceeruieieririieniiiiiniieieeeeeeseere e e 8-2
8.2.3  Flexural Bond Requirements for COIUMNS .........ccccciiiiiiiiiiniiieiicieeeeeeeeeeeeeee e e e 8-2
8.2.3.1 Maximum Bar DIQmeLEr .........cooeiiiiiiiiiiiiiiiiieieeeee ettt e 8-2
8.2.4  Development Length for Column Reinforcement Extended Into Enlarged Type II Shafts ................. 8-3
8.2.5  Maximum Spacing for Lateral Reinforcement ..............ccccocooiiiiiiiiininiininnicececeeee e 8-3
APPENDICES
Appendix A NOtAtiONS & ACTOMYIIIS ...c.eiruieiiiiuieiirietieteteeeesttete st ere st eae st esesae e resseesseeneeseeanesseennesaeenesanen Al-A7
APPENdIX B ARS CUIVES ..cuiiiiiiiiiiei ettt sttt et st et ne s nesaeas BI1-Bl14
Appendix C BiIbLIOGIAPRY ...cociiiiiiiiiiii ettt s e Cl

Seismic DESIGN CRITERIA VII




c TABLE oF CONTENTS

frans

FIGURES
Figure 2.1 Local-Global AXis DEfINItION ....cc.eeriiriiriieiirieiieneeiesttete ettt ettt st 2-2
Figure 2.2 The Effects of Foundation Flexibility on Force-Deflection Curve of a Single Column Bent ........ 2-5

Figure 2.3 The Effects of Bent Cap and Foundation Flexibility on Force-Deflection Curve of a Bent Frame 2-6

Figure 2.4 Pile Shaft DEfINItIONS .......ccueiiiiiiiiiiieieie ettt ettt sa e e 2-7
Figure 3.1 Local Displacement Capacity — Cantilever Column w/Fixed Base .........cc.ceceveevienenniineencnicenene. 3-2
Figure 3.2 Local Displacement Capacity — Framed Column, Assumed as Fixed-Fixed .........c..ccccocevinnennnne 3-3
Figure 3.3 Local DUCHIItY ASSESSIMENT ...ccuverutiiiiiirieiienieeterte ettt ettt ettt et et eate bt et be et sb et esbeebeebeenbeeae 3-4
Figure 3.4 Steel Stress Strain MoOdel .......c..ooiiiiiiiiiii e e e 3-6
Figure 3.5 Prestressing Strand Stress Strain MOl ......oc.ooieiiiiiniiiininiiieeeeeeeeee et 3-7
Figure 3.6 Concrete Stress Strain MOl ........oc.ooiiiiiiiiiii e 3-9
Figure 3.7 MOMENE CUIVALUIE CUIVE ...eviiniiiiiiiieitinieete ettt sttt ettt et b et sb e eatesbe et sbeenaesbtenaesbeenaesbnenbens 3-10
Figure 3.8 Concrete SNEAr FACTOTS .....c..couiiiiiiiiieiieeee ettt s s s 3-12
Figure 4.1 Global Force Deflection RelationShip .........coeeviereiiiiiiiniiiienieiieenteenteeeeee et 4-2
Figure 4.2 P-D Effects on Bridge COIUMIS .........ccoiiiiiiiiiiiiiiiiiieiccceecee et 4-3
Figure 4.3 Superstructure Demand Generated by Column Overstrength Moment ..........cccccecvevervieneeniencennenn 4-5
Figure 4.4 Capacity Provided by Superstructure Internal Resultant Force Couple .........ccccceeieciinicniincnncnn. 4-5
Figure 5.1 EDA Modeling TEChNIQUES .......cooueriiriirieiieieieetesieeterte ettt sttt sttt st 5-3
Figure 5.2 Stand-Alone ANALYSIS .....coeeviiiiiiiiiieieeeee ettt 5-4
Figure 5.3 Effective Stiffness of Cracked Reinforced Concrete SeCtions .......c...evevverierienienienienieneneeneeeeees 5-6
Figure 7.1 Balanced SHNESS ....c..coouiiiiiiieieee e e e e 7-3
Figure 7.2 Effective Superstructure Width ........ccccooiiiiiiiiiiiiiet e 7-5
Figure 7.3 Equivalent Static Vertical Loads & MOMENLS ..........ccceeuiiieniiiieiiinieienieeeeee et 7-5
Figure 7.4 Seat Width REQUITEIMENTS ......ooiiiiiiiiiiiiiiirietetetet ettt ettt ettt e et et sae e naes 7-7
Figure 7.5 Effective Bent Cap Width .......cc.coooiiiiiiiiii e e e 7-9
Figure 7.6 Joint Shear Stresses i T JOINES ...c..ooiiiiriiriiiiieteceeeee ettt st s 7-12
Figure 7.7 Location of Vertical Joint Reinforcement .............ccccovevirieniniiiniiniienieieeceeseee e 7-14
Figure 7.8 Joint Shear Reinforcement DEtails ..........cooeriiririiiniiiiiniiienieeeeteeeteeete et 7-15
Figure 7.9 Location of Horizontal Joint Shear Steel ...........c.ccooiiiiiiiiiiiiiicecceee e 7-16
Figure 7.10  Additional Joint Shear Steel for Skewed Bridges .........ccoceeveriininiininiiiiniiicnieeeeee e 7-17
Figure 7.11 Footing Force EQUILIDITUM ....cccooiiiiiiiiiiiiiiiieeeeete ettt 7-21
Figure 7.12  Simplified Pile Model for Foundations in Competent SOil.........c.ccecererrieniriienieninieneneenceeee 7-23
Figure 7.13  Assumed Effective Dimensions for Footing Joint Stress Calculation ...........c..cccceeveiinieniiniennnnne. 7-25
Figure 7.14A/ B/ C Effective Abutment Stiffness/ Area/ Width for Skewed Bridges ........c.cccccevevcnieiennene 7-29/30
Figure 7.15 Abutment Seat Width REqUITEIMENLS .....c..cocueiiiiiiiiiiiiiiiieecceceeeeee e 7-32

VIII Seismic DESIGN CRITERIA




